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CONCURRENT TASK EXECUTION IN A MULTI-PROCESSOR^ SINGLE OPERATING 

SYSTEM ENVIRONMENT 

The present subject matter relates generally to a multi- 
processor ^ single operating system computing system. 

Despite well recognized advantages of using Java code such as 
portability, security, and code density, Java execution remains 
relatively slow thus militating against a wider acceptance into 
the marketplace. One of the performance bottlenecks in Java 
execution environments is the latency induced by native tasks, 
such as real-time processing or garbage collection. Accordingly, 
improvements to accelerate the execution of Java are desirable. 

BRIEF SUMMARY OF EMODIMENTS 

In some embodiments a system comprises a first processor, a 
second processor coupled to the first processor, an operating 
system that executes exclusively only on the first processor and 
not on the second processor, and a middle layer software running 
on the first processor and " that distributes tasks to run on 
either or both processors . A synchronization unit coupled to the 
first and second processors also may be provided to synchronize 
the processors. Further still, a translation lookaside buffer 
may be included that is shared between the processors. Each 
entry in the translation lookaside buffer ('^TLB'') may include a 
task identifier ('^Iiy') to permit the operating system or middle 
layer software to selectively flush only some of the TLB entries 
(e.g., the entries pertaining to only one of the processors). 

In other embodiments, a method usable in a multi-processor system 
comprises executing an operating system on only one of a 
plurality of processors and distributing tasks to each of the 
plurality of processors by middle layer software running on the 
processor on which the operating system executes . The method 
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also may comprise synchronizing the processors as well 
selectively flushing a shared TLB based on task identifier, values 
included in the TLB. 

NOTATION AND NOMENCLATURE 

certain terms are used throughout the following description and 
claims to refer to particular system components. As one skilled 
in the art will appreciate, various companies may refer to a 
component by different nam4s. This document does not intend to 
distinguish between components that differ in name but not 
function. In the following discussion and in the claims, the 
terms « including" and -comprising" are used in an open-ended 
fashion, and thus should be interpreted to mean « including, but 
not limited to../'. Also, the term « couple" or "couples" is 
intended to mean either an indirect or direct connection. Thus, 
if a first device couples to a second device, that connection may 
be through a direct connection, or through an indirect connection 
via other devices and connections. 

BRIEF DESCRIPTION OF THE DRAWINGS ' 
For a more detailed description of the preferred embodiments of 
the present invention, reference will now be made to the 
accompanying drawings, wherein: 

Figure 1 shows a diagram of a system in accordance with 
preferred embodiments of the invention and including a. Java 
Stack Machine (^MSM" ) and a Main Processor Unit TMPU"); 

Figure 2 shows illustrates the use of a translation lookaside 
buffer TTLB") incorporating a task identifier field to permit 
selective TLB flushing; 

Figure 3 shows a preferred embodiment using a synchronization 
logic unit coupled to the JSM and MPU; 
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Figure 4 shows an alternative embodiment using a synchronization 
logic unit coupled to the JSM and MPU; 

Figure 5 shows a block diagram of the synchronization unit used 
in the embodiments of Figures 3 and 4; and 

Figure 6 depicts an exemplary embodiment of the system described 
herein in the form of a communication device (e.g., cellular 
telephone) . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following discussion is directed to various, embodiments of 
the invention. Although one or more of these embodiments may be 
preferred, the embodiments disclosed should not be interpreted, 
or otherwise used, as limiting the scope of the disclosure, 
including the claims, unless otherwise specified. In addition, 
one skilled in the art will understand that the following 
description has broad application, and the discussion of any 
embodiment is meant only to be exemplary of that embodiment, and 
not intended to intimate that the scope of the disclosure, 
including the claims, is limited to that embodiment. 

Referring now to Figure 1, a system 100 is shown in accordance 
with a preferred embodiment of the invention. As shown, the 
system includes at least two processors 102 and 104. Processor 
102 comprises the Java optimized processor and is referred to for 
purposes of this disclosure as a Java Stack Machine TJSM'') . 
Processor 104 is referred to as a Main Processor Unit C^MPU'') and 
preferably is a RISC processor. System 100 also may include 
memory 106 coupled to both the JSM 102 and MPU 104 and thus is 
accessible by both processors. At least a portion of the memory 
106 may be shared by both processors meaning that both processors 
may access the same shared memory locations. Further, if 
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desired^ a portion, of the memory. 106 may be designated as private 
to one processor or the other. System 100 also includes a Java 
Virtual Machine TJVM") 108, compiler 110, and a display 114. 
The JSM 102 preferably includes an interface to one or more 
input/output <'^I/0") devices such as a keypad to permit a user to 
control various aspects of the system 100. In addition^ data 
streams may be received from the I/O space into the JSM 102 to be 
processed by the JSM 102. Other components (not specifically 
shown) may be included as desired. 

Referring still to Figure 1, as is generally known^ Java code 
comprises a plurality of ^^Bytecodes" 112. Bytecodes 112 may be 
provided to the JVM 108, compiled by compiler 110 and provided to 
the JSM 102 and/ or MPU 104 for execution therein. In accordance 
with a preferred embodiment of the invention, the JSM 102 may 
execute at least some, and generally most, of the Java Bytecodes. 
When appropriate, however, the JSM 102 may request the MPU 104 to 
execute one or more Java Bytecodes not executed or executable by 
the JSM 102. In addition to executing Java Bytecodes, the MPU 
104 also 'may execute non-Java instructions. The MPU 104 also 
hosts an operating system ro/S") 105, which performs various 
functions including system memory management, the system task 
management that schedules the JVM 108 and most or all other 
native tasks running on the system, management of the display 
114, receiving input from input devices, etc. The O/S 105 
preferably runs exclusively on the MPU 104 and thus does not run 
on the JSM 102 or other processors, if included. Without 
limitation, Java code may be used to perform any one of a variety 
of applications including multimedia, games or web based 
applications in the system 100, while, non- Java code, which may 
comprise the O/S and other native applications, may still run on 
the system on the MPU 104. 
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The JVM 108 generally comprises a combination of software and 
hardware. The software may include the compiler 110 and the 
hardware may include the JSM 102, The JVM may include a class 
loader, bytecode verifier, garbage collector, and a bytecode 
interpreter loop to interpret the bytecodes that are not executed 
on the JSM processor 102. 

Figure 1 thus illustrates a multi-processot system having in 
Which an operating system is executed exclusively on one of the 
processors- In at least this way, the system is asymmetric. 
With only one processor running an operating system several 
advantages are obtained over multi-processor systems having an 
operating system . running on each processor. For example, in a 
multi-operating system environment, coordination between 
operating system instances is problematic arid may result in an 
undesirable amount of latency with regard to inter-processor 
communication. The multi-processor, single 0/S implementation 
described herein generally results in lower communication 
overhead and lower complexity than distributed operating system 
systems. Additionally, the single 0/S configuration described 
herein may result in lower code size than in multiple O/S 
configurations. The following description addresses various 
features useful to implement the multi-processor, single O/S 
system of the preferred embodiment. The features described below 
comprise the ability to selectively flush a shared translation 
lookaside buffer and synchronization logic used to synchronize 
the JSM 102 and MPU 104. — 

In Figure 2, the JSM 102 and MPU 104 are shown coupled to a 
shared translation lookaside buffer TTLB") 150. The TLB 150 
preferably is implemented in a storage device that may be 
separate from memory 106. The TLB 150 preferably includes a 
plurality of entries 152 in which virtual address to physical 
address translations are stored. Each entry 152 thus includes a 
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virtual address 162 and a corresponding physical address. 164. 
Each TLB entry may include a task identifier ('^task ID") 160 and 
a V field 166* Other fields also may be included in the TLB 
entries, but are not shown in Figure 2. The TLB 150 may be 
programmed in any suitable manner. For instance, as described in 
copending application 10/157,555 entitled ^'Cache With Selective 
Write Allocation", a memory transaction resulting in a TLB miss 
may initiate a TLB handler routine to load the missing reference 
into the TLB. 

Each processor 102 and 104 includes one or more micro-TLBs 107 
and 113- Micro-TLBs may be associated with various components of 
the processors to provide lower latency virtual-to-physical 
address translations. The micro-TLBs may contain fewer 

translations than their corresponding main TLB, although the 
relative size of a ' micro-TLB versus the main TLB is not 
-significant to this disclosure. 

On a micro-TLB miss, the shared TLB 150 is searched. In the case 
of • a hit on the -shared TLB 150, • the micro-TLB that missed is 
loaded with the entry content of the shared TLB. In the case of 
a miss in the shared TLB 150, a TLB handler loads the relevant 
entry into the shared TLB and the micro-TLB that initially 
missed. 

Referring still to Figure 2, each TLB entry preferably contains a 
task* 'ID field" 160. Each processor also contains a task ID 
register 103, 111 as shown. In some embodiments, the 0/S may 
distribute a task to run on either of the processors 102 or 104. 
Each task is assigned a task ID. The task ID assigned to a task 
is written to the task ID register of the processor being 
requested to execute the task. As such, the task ID register 
103, 111 of each processor holds the task ID of the . task 
currently running on that processor. When a shared TLB search 
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occur, the task ID is matched together with the virtual address 
in the respective TLB match fields to retrieve, the physical page 
descriptor. The O/S preferably retains a history of the tasks 
that have been assigned to each processor and the tasX- IDs of 
those tasks. That is, the O/S maintains a table that contains, 
for each processor, a list of the task IDs of the tasks that have 
run on the JSM 102 and the tasks that have run on the MPU 104. 
In a JAVA environment, the JVM 108, for instance, may write the 
JVM task ID register with a value corresponding to the JVM task 
ID on the MPU 104, so that the O/S sees all JAVA tasks with - the 
same ID. 

The information in this table permits the O/S running on the MPU 
104 to selectively flush the entries in the shared TLB 15.0. 
Flushing a TLB entry refers to invalidating the entry by clearing 
a valid bit in V field 166. ' Flushing one or more TLB entries may 
be desirable when switching contexts. Rather than being forced 
to flush all of the entries in the shared TLB, the O/S may flush 
only the entries relevant to tasks running on the MPU 104 or only 
entries relevant to tasks running on the . JSM 102. The selection 
of which entries to flush preferably is based on the task ID 
values. For instance, if tasks 1, 3 and 5 are assigned to the 
JSM 102 and tasks 2, 4, and 6 are assigned to the MPU 104, the 
O/S can issue a command to flush only those entries in the TLB 
150 whose task identifier field 160 contains the task ID 2, 4 or 
6. All other TLB entries will remain unchanged. With the O/S 
selectively flushing, for example, only the tasks associated with 
the MPU 104, the perf oannance impact to the JSM 102, which would 
otherwise result if the entire TLB was invalidated, is reduced or 
eliminated. 

In other embodiments, middle layer software may be responsible 
for selectively flushing the shared TLB 150. An example, of such 
middle layer software is the JVM 108. 



TI-35638 EP 



8 



As described above, the shared TLB 150 can be selectively flushed 
based on task ID. In general, a micro-TLB only contains 
translations relevant to the processor in which the micro~1LB 
resides. As such, the selective flushing feature of the shared 
TLB 150 need not ' be extended to the inicro--TLBs . However, ;in 
alternate embodiments, one or more micro-TLB may have 
translations pertaining to multiple processors • In this case, 
the selective flushing technique may be applied to such a micro- 
TLB by including a task ID field to each micro-TLB entry. 

In some situations, it may be desired for a processor to switch 
its "^context.'' Switching context generally comprises one or more 
actions such as saving the current state of some or all registers 
so that new threads may run on the. processor with new address 
translations. In accordance with a preferred embodiment, the JSM 
102 can switch its own context when triggered by the MPU 104 
without further assistance from the MPU. The ability of the JSM 
102 to autonomously switch context reduces latency induced on MPU 
104 *30 that the- overhead impact on the 0/S due to the attached 
processor context switches is limited. 

Figures 3-5 illustrate various techniques usable to synchronize 
the operation of multiple processors in a system 200. As shown, 
the system 200 may comprise the JSM 102, the MPU 104, a 
synchronization unit 206, a transaction bus 208, memory 106, and 
*" a "variety of signals such as -a wait signal 212, a -wait release 
214, system interrupts 209^ a system interrupt detect signal 216, 
and a processor interrupt 218. Other components (not shown) may 
be included as well. The synchronization logic 206 synchronizes 
the processors 102 and 104. 

In operation, the MPU 104 performs memory accesses through a 
transaction bus 208 to memory 106. These accesses may include 
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read or write cycles targeting various locations in memory 106. 
The transaction bus 208 preferably is also provided to 
synchronization unit 206^ thereby permitting the synchronization 
unit 206 to monitor trcinsactions that target one or more pre- 
determined addresses as will be explained below. 

In accordance with the preferred embodiments, at least one 
address (or a range of addresses) is selected or otherwise pre- 
determined to be used to' place the MPU 104 in a ^^wait" mode.. The 
wait mode is generally specific to the particular processor 
selected as processor 104 and may include a lower performance or 
lower power mode in which, for example, one or more clocks 
internal to the processor 104 are disabled. The pre-determined 
address preferably is mapped to a physical memory location and 
thus can be used as a mechanism for initiating the MPU' s 
transition to the wait mode. To initiate the transition to the 
wait mode, the MPU 104 preferably performs a read or write access 
targeting the address pre-determined for use for this purpose. 
As such, when the synchronization unit 206 detects an access on 
transaction bus 208, the synchronization unit 206 determines 
whether the access is for the pre-determined address. The 
synchronization unit 206 responds to the detection of the access 
having the pre-determined address by asserting wait signal 212 to 
the MPU 104. 

In another embodiment, instead of mapping this transaction to a 
physical address, the transaction could be mapped on a dedicated 
communication bus (i.e., a co-processor bus) between the MPU 104 
and the JSM 102, whereby a transaction to the specific address of 
the communication bus or a specific command on the communication 
bus performs the same function as addressing a physical memory 
address 
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While the MPU 104 is in a wait mode, the JSM 102 may execute 
instructions or otherwise be occupied. The JSM 102 may encounter 
an instruction that requires support from, or at least benefits 
from support by, the MPU 103. Accordingly, the JSM 102 may 
assert a wait release signal 214 to the synchronization unit 206, 
thereby causing the synchronization unit 206 to de-assert the 
wait signal 212. Once the wait signal 212 is de-asserted as 
described below, the MPU 104 can execute the instruction for 
which the JSM 102 needed support. 

In at least some embodiments, upon ^^waking up,'' the MPU 104 
preferably requests a status from the JSM 102. The status may 
include, without limitation, one or more status bits of a 
register 205 that indicate whether the JSM 102 is actively 
executing instructions and identify any instruction (s) that the 
MPU 104 is to execute. 

In addition to being awoken by the assertion of the wait release 
signal 214 by the JSM 102, the MPU 104 may be awoken by a system 
interrupt 209. The system interrupt 209 may be sent to the MPU 
104, which asserts a system interrupt - detect signal 216 to the 
synchronization unit 206 to cause the de-assertion of the wait 
signal 212. The system interrupt 209 may be sent by a variety of 
system components (not shown) , for example, I/O devices, timers, 
etc., to allow the MPU 104 to carry out, for example, routine 
maintenance, such as memory allocation and de-allocation, and 
other operations as desired. 

After finishing the task prompted by the system interrupt 209, 
the MPU 104 may read the status of the JSM 102. If the JSM 102 
is in an idle state (i.e., the JSM 102 is not actively executing 
instructions) , the MPU 104 may execute one or more instructions 
one behalf of the JSM 102. As previously described, the JSM 102 
may encounter an instruction that requires, or at least benefits 
from,' the support of the MPU 104. Thus, this instruction may be 
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executed by the MPU 104. If the JSM 102 is not in an idle state^ 
the MPU 104 may transition to a wait mode again as previously 
described (i.e., by executing a memory access to a pre-determined 
address detectable by the synchronization unit 206) • 

In at least some embodiments of the invention, the MPU 104 may 
prioritize multiple tasks when awake. For example, if the MPU 
104 has been awoken by a system interrupt 209, more than one 
interrupt source may have positioned' the system interrupt 209 and 
the MPU will perform the associated tasks according to their pre- 
determined priority* In at least some embodiments, an operating 
system ro/S'') running of the MPU 104 may control the order in 
which the MPU 104 carries out multiple interrupt requests. 

In some situations, for example, when a system interrupt 209 has 
awoken the MPU 104 as described above, the JSM 102 may be • unaware 
that the MPU 104 has awoken. In this situation the JSM 102 may 
assert the wait release signal 214 as described above to obtain 
processing support from the MPU 104. Assertion of the . wait 
release signal in this context .causes the synchronization unit 
206 to assert a processor interrupt signal 218 to the MPU 104. 
The asserted processor interrupt signal 218 preferably causes the 
MPU to temporarily stop executing a task, e.g. a routine 
maintenance task initiated upon occurrence of a system interrupt 
209, to execute instructions as requested by the JSM 102. In 
other embodiments, the processor interrupt signal 218 is not used 
and any request by the JSM 102 is handled after the MPU 104 has 
finished the task(s) initiated by a system interrupt 209. 

In embodiments in which multiple signals (e.g. system interrupt 
209, system interrupt detect 216, wait release 214) occur 
simultaneously, approximately simultaneously,, or concurrently, 
the operating system C^O/S") running on the MPU 104 may decide, 
according to a pre-determined priority, whether the . MPU 104 will 
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execute instructions as requested by the JSM 102 or execute the 
task(s) requested by the system interrupt 209. As shown in 
Figure 6, the processor interrupt signal 218 asserted by the 
synchronization unit 206 as described above may be received by 
the MPU 104 as a system interrupt 209 and handled according to a 
pre-determined priority. More specifically, the embodiment 
described above enables the O/S running on the MPU 104 to 
schedule multiple types of support requests from the JSM 102 
relative to their respective priority as compared to other 
requests (e.g., system interrupts 209) handled by the MPU. Some 
of the support requests from the JSM 102 may have lower priority 
than some system interrupts 209, while other support requests 
from the JSM 102 have a higher priority. The priority of a 
support request from the JSM 102 may be included in the status 
read by the MPU 104 as described above. The processor interrupt 
may itself contain the priority information as well. 

Figure 4 is a diagram illustrating another embodiment of the 
invention. As shown in Figure 4, system 201 comprises the same 
components and si'gnals as system 200 of Figure 3, with the 
addition of a system interrupt controller 207. The system 
interrupt controller 207 preferably receives the processor 
interrupt signal 218 from the synchronization unit 206 and 
request signals 238 from ' system components (e.g., I/O devices 
231, timers 232, or other devices), and asserts the system 
interrupt detect 216 signal to the synchronization unit 206 and 
" the system interrupt signal 209 to the MPU 104. The function of 
the components and signals of system 201 is otherwise described 
above for system 200. 

Figure 5 is a block diagram illustrating an embodiment of the 
synchronization unit 206. As shown in Figure 5, the 

synchronization unit 206 may comprise a decode logic unit 203, a 
MPU interface 205, a JSM interface 207, a system interrupt 
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interface 209/ and control logic 211. The control logic 211 
preferably couples to the MPU interface 205, the JSM interface 
207, and the system interrupt interface 209 as shown. 
Tra^isaction information 213 (e.g., address, iclock, or other 
information as. may be helpful to detect that a transaction has 
been or is in the process of being made) received through 
transaction bus 208 preferably is provided by the MPU interface 
205 to the decode logic unit 203. 

The decode logic unit 203 detects a transaction targeting, a pre- 
determined address that is initiated by the MPU as described 
above. For example, if the transaction is detected by 

recognizing that a , pre-determined address has been or is to be 
accessed, the decode logic unit 203 may assert an address detect 
signal 236 to the control logic 211 when the transaction bus 
address matches the pre-determined address or falls within a pre- 
determined range of addresses. Upon detecting the assertion of 
the address detect signal 215, control logic 211pref erably 
asserts the wait signal 212 which is propagated via the MPU 
interface 205 to the MPU as described above. The control logic 
211 may assert, or not, the wait signal when it receives an 
address detect signal 215 depending on the state of the wait 
release signal 214 and the system interrupt signal 216. 

Referring still to Figure 5, the JSM interface 207 may be used to 
receive a wait release signal 214 from the JSM as explained 
above. The JSM interface 207 may then propagate the wait release 
signal 214 to the control logic 211. If the wait signal 212 is 
already de-asserted when a wait release signal 214 is received, a 
processor interrupt signal 218 may be asserted. More 
specifically, the control logic 211 may assert, or not, the 
processor interrupt signal 218. when it receives a wait release 
signal 214 depending on the state of the address detect signal 
215 and the state of the wait signal 212. As explained above. 
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the processor interrupt 218 may permit the MPU to temporarily 
stop executing a task, in order to execute one or more 
instructions for the JSM 102. 

The system interrupt interface 209 receives the system interrupt 
detect signal 216 from the MPU or system interrupt controller and 
propagates the system interrupt detect signal 216 to the control 
logic 211. The control logic 211 may de-assert the wait signal 
212 when it receives the wait release signal 214 and/or the 
system.interrupt detect signal 216. As previously described, the 
assertion and de-assertion of the wait signal 212 causes a 
processor to enter or wake up from a wait mode. In at least some 
embodiments, the control, logic 211 may receive inputs, e.g., 
system interrupt detect 216, address detect signal 215, wait 
release signal 214, etc., and accordingly asserts or de-asserts 
the wait signal 212. 

As described above, the synchronization unit 206 may be used in 
combination with the JSM and MPU processors 102 and 104. As 
such, the synchronization unit 206 may function to synchronize 
the operation of the JSM and MPU to permit efficient switching 
between such processors. The synchronization unit 206 which is 
shown as a separate unit in Figures 3 and 4, may be included as 
part of the JSM 102 in some embodiments of the invention. 

System 100' may be representative of, or adapted to, a wide 
variety of electronic systems, an exemplary electronic system may 
comprise a battery-operated, -mobile cell phone such as that shown 
in Figure 6. As shown in Figure 6, a mobile communications 
device includes an integrated keypad 412 and display 414. The 
JSM 102 and MPU 104 noted above and other components may be 
included in electronics package 410 which may be coupled to 
keypad 410, display 414, and radio frequency TRF") circuitry 416 
which may be connected to an antenna 418. 
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While the preferred embodiments of the present invention have 
been shown and described^ modifications thereof can be made by 
one skilled in the art without departing from the spirit and 
teachings of the invention. The embodiments described herein are 
exemplary only^ and are not intended to be limiting. Many 
variations and modifications of the invention disclosed, herein 
are possible and are within the scope of the invention. 
Accordingly, the scope of protection is not limited by the 
description set out above.. Each and every claim is incorporated 
into the specification as an embodiment of the present invention. 
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CXAIMS 

What is claimed is: 

1. A system^ comprising: 
a first processor; 

a second processor coupled to the first processor; 

an operating system that executes exclusively only on the 

first processor and not on the second processor; and 
a middle layer software running on the first processor and 

that distributes tasks to run on either or both 

processors - 

2 . The system of claim 1 wherein the middle layer software 
comprises a Java virtual machine. 

3. The system of claim 1 or claim 2 further comprising a 
synchronization unit coupled to the first and second processors, 
said synchronization unit synchronizes the execution of the 
first and second processors- 

4. The system of claim 3 wherein the synchronization unit 
causes the first processor to transition to a wait mode while 
the second processor executes a task. 

6. The system of claim 4 wherein the first processor is 
transitioned from the wait mode to a fully operational mode by a 
signal being asserted by the either the first or second 
processor to the synchronization unit. 

7. The system of any preceding claim further comprising a 
shared TLB containing a plurality of entries in which virtual- 
to-physical address translations are stored, each entry also 
containing a task ID field in which a task ID . associated with 
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the corresponding translation and with a task running on the 
first or second processor is stored. 

8. The system of claim 7 wherein the operating system 
selectively flushes some of the entries in the shared TLB based 
on task ID. 

9. The system of claim 7 or claim 8 wherein the middle layer 
software selectively flushes some . of the entries in .the. shared 
TLB based on task ID. 

10. The system of claim 9 wherein the middle layer software 
comprises a Java virtual machine. 

11. The system of any of claims 7 to 10 wherein some of the 
shared TLB entries are invalidated, and those entries that are 
invalidated have task IDs that are associated with tasks that 
are running or have run on only one of the first or second 
processors. 

12 . The system of any preceding claim wherein the second 
processor has a programmable context and autonomously switches 
its own context without support from the operating system 
executing on the first processor. 

13 . The system of any preceding claim wherein the second 
processor * includes a programmable * task ID ^ register which 
contains a value indicative of the task currently running on the 
second processor that is written by the middle layer software 
running on the first processor. 

14. A method usable in a multi-processor system, comprising: 
executing an operating system on only one of a plurality of 

processors; and 
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distributing tasks to each of the plurality of processors 
by middle layer software running on the processor on 
which the operating system executes. 

15. The method of claim 14 wherein distributing tasks comprises 
distributing tasks by a Java virtual machine. 

16. The method of claim 14 or claim 15 further comprising 
causing the processor on which the operating system executes to 
transition to a wait mode while another processor executes tasks 
and subsequently transitioning the processor in the wait mode to 
an active mode as a result of a signal being asserted by any of 
the. plurality of processors . 

17. The method of claim 14, claim 15 or claim 16 wherein each 
task has a unique task identifier value and the method further 
comprises writing virtual-to-physical address translations- and 
task identifier values associated with the task to which the 
translations pertain into a translation lookaside buffer that is 
shared between the plurality of processors. 

18* The method of claim 17 further selecting task identifier 
values and invalidating entries in the translation lookaside 
buffer that contain the selected task identifier values and not 
invalidating other entries in the translation lookaside buffer. 

19. The method of any of claims 14 to 18 wherein, in a 
processor having a context and that does not execute the 
operating system, autonomously switching said context without 
support from the operating system. 

20. The method of any of claims 14 to 19 further comprising 
writing a task ID register by the processor executing the 
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operating system, the' task ID register contained 
another processor. 
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CONCURRENT TASK EXECUTION IN A MULTI-PROCESSOR, SINGLE OPERATING 

SYSTEM ENVIRONMENT 

ABSTRACT 

A system comprises a first processor^ a second processor 
coupled to the first processor, an operating system that 
executes exclusively only on the first processor and not on the 
second processor, and a middle layer software running on the 
first processor and that distributes tasks to run on either or 
both processors. A synchronization unit coupled to the first 
and second processors also may be provided to synchronize the 
processors. Further still, a translation lookaside buffer may 
be included that is shared between the processors. Each entry 
in the translation lookaside buffer (^^TLB") may include a. task 
identifier to permit the operating system or middle layer 
software to selectively flush only some of the TLB entries 
(e.g., the entries pertaining to only one of the processors) . 
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